Most bovine leukemia virus (BLV)-infected cattle do not have clinical signs (aleukemic AL), but some develop persistent lymphocytosis (PL) and B-cell lymphosarcoma (enzootic bovine leucosis [EBL]). BLV infection is a well-known cause of chronic wasting disease, which is associated with a reduction in milk productivity and immunity in dairy cattle. However, the effect of BLV infection on beef cattle is not clear. The objective of this study was to investigate the effect of BLV infection on the productivity of slaughtered beef cattle. A total of 997 blood samples were collected from cattle in 2 slaughterhouses in Miyazaki prefecture, Japan. BLV-antibodies were tested in these cattle＇s blood samples using enzyme-linked immunosorbent assay (ELISA), to identify BLVinfected cattle. We compared blood parameters and carcass weight between BLV ELISA-positive and ELISA-negative cattle in two age groups : young ( ≤ 60 months) and elder (> 60 months) groups. The results showed that the proportion of ELISA-positive cattle in the young and elder groups were 22.8% and 24.9%, respectively. The number of white blood cells (WBCs) and lymphocytes in ELISA-positive cattle was significantly higher than that in ELISA-negative cattle in the young group. In addition to the number of lymphocytes, the number of monocytes and neutrophils were also significantly higher in BLV ELISA-positive cattle than in ELISAnegative cattle in the elder group. There was no significant difference in the carcass weight between ELISA-positive and ELISAnegative cattle in both groups. The results of this study suggest that BLV infection has an effect on the host immune response in beef cattle.
Introduction
Bovine leukemia virus (BLV), which belongs to the genus Del-taretrovirus of the family Retroviridae, is the causative agent of enzootic bovine leukosis (EBL) 5) . Most BLV-infected cattle remain healthy, but some develop a disease known as persistent lymphocytosis (PL); rarely, the infection can result in B-cell lymphoma 9) . BLV infection has a worldwide distribution, and EBL has been listed by the World Organization for Animal Health (OIE) as a disease that can have a significant impact on international trade 22) .
According to previous studies, the cattle-level prevalence is 38.6% in the United States of America 2) , 42.3% in Peru, 27.9% in Chile, 30.7% in Bolivia, 54.7% in Paraguay, 77.4% in Argentine 26) , 0.04% in Italy 16) and 9.1% in Mongolia 21) . In Japan, EBL is a notifiable disease and has been subject to passive surveillance since 1997 17) . The prevalence of BLV infection increased yearly and reached 35.2% in 2009⊖2011 19) . BLV infection causes direct productivity losses in the affected farms. Death or culling of cows due to EBL is a direct cost associated with infection 6, 25) . Milk production is reduced by about 2.5 % in herds classified as BLV-infected compared with the production in BLV-free herds 8) . The decline in annual milk production associated with each percentage-point increase in BLV-seropositivity is 4.7 kg per cow 24) . The interaction term between BLV-status and longevity of the cows has been observed to be highly significant, which indicates BLV infection affects milk production in dairy cattle 20) . It has also been shown that the infection is associated with a slight increase in the interval from calving to last service and in the risk of cystic ovaries 8) . The spontaneous recovery rate from ringworm (Trichophyton verrucosum) in BLV-negative cows is significantly higher than that in BLVpositive cows 4) . These findings explain why the life expectancy of BLV-positive cows is significantly less than that of BLV-negative cows 4, 8, 20) . However, to the best of our knowledge, few studies have reported the effects of BLV infection on the productivity of beef cattle. Our objective was to investigate the association between BLV infection and hematological parameters and carcass weight in slaughtered beef cattle.
Materials and Methods

Sample collection
This study was conducted in 2 slaughterhouses (slaughterhouse A and B) in Miyazaki prefecture, which is located in Kyushu region, southern Japan, between 31°21′ and 32°50′ N latitude and between 130°42′ and 131°53′ E longitude. Sample collection was performed from December 2015 to June 2016 and from August 2016 to September 2016 in slaughterhouse A and B, respectively. The samples comprised of the blood discharged from the neck during the slaughtering process, and it was collected in EDTA tubes by veterinarians. The blood samples were collected from all slaughtered beef cattle during each slaughtering day. The information about all the slaughtered beef cattle, including sex, age, breed, and carcass weight, was obtained from the meat inspection office of each slaughterhouse.
Blood test
Hematological parameters were measured in the blood samples at Health Sciences Research Institute., Inc., Miyazaki, Japan. The measured parameters were red blood cell (RBC) count, hemoglobin level, hematocrit, mean cell volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), and white blood cell (WBC), basophil, eosinophil, neutrophil, lymphocyte, and monocyte counts, which were analyzed by XE-2100 (Sysmex, Kobe, Japan).
BLV ELISA test
The blood in the EDTA tubes was centrifuged at 1500 g for 5 minutes to obtain plasma, which was then stored at -20℃ in the laboratory of the University of Miyazaki. Each plasma sample was tested using a commercial enzyme-linked immunosorbent assay (ELISA) kit (JNC Co., Ltd., Tokyo, Japan). The procedures were performed according to the manufacturer＇s instructions.
Statistical analysis
The F-test was used if the variances in the two groups were equal. The independent Student t-test was used for equal variances, and the Welch's t-test was used for unequal variances to assess the difference in each parameter between BLV ELISApositive cattle and ELISA-negative cattle. P values ＜0.05 were considered statistically significant. All statistical analyses were performed using the R software (version 3.4.0; R development core team, Vienna, Austria).
Ethical approval
The study protocol was reviewed by the Cattle Ethics Committee of the University of Miyazaki＇s Faculty of Agriculture.
Results
A total of 997 blood samples were collected from the cattle; 457 and 540 samples were collected in slaughterhouse A and B, respectively. All the cattle were healthy. Thirty-six samples were excluded from the analysis because the data for carcass weight data was missing. Out of the 961 samples, 228 (23.7%) tested positive in the ELISA test ( Table 1 ). The study population was divided into two categories : young and elder groups. Fattening and breeding cattle were mainly categorized into the young and elder group, respectively. The cut-off value for age categorization was 60 months ( Table 2) . With respect to hematological parameters, the number of WBCs and lymphocytes were significantly higher in the ELISA-positive cattle than in the ELISA-negative cattle in the young group (Table 3 ). The hematocrit in BLV ELISA-positive cattle was significantly lower than that in ELISAnegative cattle in the young group. In the elder group, the number of WBCs, neutrophils, lymphocytes, and monocytes were significantly higher in ELISA-positive cattle than in ELISA-negative cattle ( Table 3 ). There was no significant difference in the carcass weight between ELISA-positive and ELISA-negative cattle in both groups (Table 3 ).
Discussion
This is the first report of assessment of the effects of BLV infection on hematological parameters and carcass weight in slaughtered beef cattle. The results of this study showed there were significant differences between BLV ELISA-positive and ELISA-negative beef cattle with respect to hematological parameters (hematocrit and WBC and lymphocyte counts in the young group; and WBC, neutrophil, lymphocyte and monocyte counts in the elder group). These parameters (except for hematocrit) were significantly higher in BLV ELISA-positive cattle than in BLV ELISA-negative cattle. On the other hand, a significant difference in carcass weight between BLV ELISA-positive and ELISA-negative cattle was not observed. 18) . The BLV provirus encodes a series of accessory genes that modulate viral and/or cellular gene expression in B lymphocytes. The function of the tax gene, which is one of the accessory genes, is the activation of viral transcription and transformation of BLVinfected B lymphocytes 1, 9) . Hematological clues based on the number of lymphocytes and the BLV proviral load provide the initial means of identifying cattle at risk for developing EBL 23) . As expected, the numbers of WBCs and lymphocytes in BLV ELISA-positive cattle were significantly higher than those in ELISA-negative cattle in both the young and elder groups. In addition to the number of lymphocytes, the numbers of monocytes and neutrophils in BLV ELISA-positive cattle were also significantly higher than those in ELISA-negative cattle in the elder group, but they were not significantly different in the young group. On the other hand, the hematocrit in BLV ELISA-positive cattle was significantly lower than that in ELISA-negative cattle in the young group, but it was not significantly different in the elder group. These differences in the effects between the young and elder group were considered to be due to the animal＇s age and farm management practices. Hematological parameters are influenced by age, nutrition, physical activity and environmental conditions 3, 7, 15) . The young group was comprised of fattening cattle, and the elder group was comprised of breeding cattle in this study. The immune response is strongly related to the farming system 11, 13) . However, there is little evidence to support this explanation because immunological analysis was not conducted in this study. Further studies are needed to understand the effects of BLV infection on the immune system. In general, the stimulation of the host immune response is associated with a proportional decline in growth and cellular proliferation, which leads to a decrease in body size, with resource allocation shifting toward survival and away from nonessential processes, such as growth 14) . Some of these effects are difficult to be prove, and they may not always be statistically significant although it has been observed there are losses in potential production 10) . Although the carcass weight in BLV ELISApositive slaughtered beef cattle was not significantly different compared to that in ELISA-negative slaughtered beef cattle in this study, it is difficult to conclude that BLV infection has no effect on carcass weight. We compared the carcass weight between BLV ELISA-positive and ELISA-negative cattle without considering the viral load in the BLV-infected cattle. An increase in the proviral load correlates with disease progression in BLVinfected cattle 12) . It is still possible that the progression of BLV infection may have negative effects on the productivity of fattening cattle. Further studies would be required to clarify the effects of BLV infection on carcass weight.
In conclusion, BLV infection significantly affects hematological parameters in slaughtered beef cattle. This finding has important implications for understanding host immune response to BLV infection in beef cattle.
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